Ambient air particulate matter samples were collected from urban and suburban sites of Eskişehir in 2012. Samples were collected concurrently from both sites between 26 th of February and 20 th of December 2012. Mass concentrations of particulate matters (fine particles-PM2.5, coarse particles-PM2.5-10 and total suspended particulate matter-TSP) were determined. TSP samples were analyzed by Thermal Optical Carbon Analyzer to determine elemental carbon (EC), organic carbon (OC) and total carbon (TC) concentrations. It was found that 4.9% of the TSP is composed of EC, and 13.6 % is OC in urban sampling point. EC and OC contributions in suburban sampling points were 2.7% and 9.6%, respectively. OC/EC ratio was found to be almost 1.5 times higher in suburban sampling site than that of urban sampling site. EC tracer method was used to estimate the contribution of Secondary Organic Carbon (SOC). The SOC percent of TSP was estimated as 7.1 % and 5.6 % for the urban and suburban locations, respectively.
INTRODUCTION
Particulate matter (PM) is a complex mixture composed of many organic and inorganic substances and is being formed as a result of natural and anthropogenic activities. PM can be directly released from its sources and it can also be formed as a result of chemical reactions in the atmosphere especially in the presence of sunlight and oxidants which is known as secondary particulate matter. Carbonaceous aerosols reduce visibility and cause radiative forcing. PM is of concern because of its adverse health effects on human health [1, 2] .
Atmospheric particulate matter contains carbon in significant amounts and carbon is in the form of elemental carbon (EC) and organic carbon (OC). Elemental carbon which has been also called black carbon (BC) is being released to the atmosphere mainly as a result of combustion and it has primary origin. On the other hand, OC which has both primary and secondary sources of origin may have varying chemical composition. EC has a graphitic-like structure while OC is mainly composed of hydrocarbons and oxidation products of some organic compounds [3, 4, 5] . For instance, volatile organic compounds might be transformed into new products in the presence of oxidants and sunlight as a result of photochemical reactions to produce secondary organic carbon (SOC) and secondary organic aerosols (SOA) [6, 7] . Therefore understanding the contribution of SOC is important to implement PM control strategies.
Several methods in the literature have been used to estimate the amount of primary and secondary organic carbon. EC tracer method has been widely used in the literature because of its simplicity. It is also based on ambient measurements of carbon [4, 8, 9] . Receptor modelling and chemical transport modeling have also been used to determine contribution of SOC to total aerosol concentrations [10] .
EC is a good tracer of primary OC because primary OC and EC are mostly emitted from the same combustion sources. On the other hand, for some locations primary OC is also released from noncombustion sources such as biogenic emissions [3, 4, 11] . In the presence of SOC formation ambient concentrations of OC are being elevated and OC/EC ratio is increased [12, 8] . Simply, the difference between the total carbon and primary OC is defined as secondary organic carbon [9, 13] Based on the previous discussions about EC, following equations can be written for the estimation of secondary OC [14, 10] . OCmeasured = OCprimary + OCsecondary (1)
The secondary organic carbon can then be estimated by subtracting the primary OC from the measured OC.
The major aim of this study was to estimate the secondary organic carbon concentrations by using EC tracer method at urban and suburban locations in Eskişehir.
EXPERIMENTAL

Study Area and Sampling
Concurrent ambient air PM2.5, PM2.5-10 and TSP samples were collected from urban and suburban locations in Eskişehir. Urban sampling location was in the downtown area in Eskisehir and suburban sampling point which is far from major pollution sources was located 10 km far from the city center at İki Eylül Campus of Anadolu University. Sampling points were shown on the map (Figure 1 ). Concurrent ambient air samples were collected between 26 th of February and 20 th of December 2012 from both sites. Twenty-four hour gaseous and particulate-phase samples were collected by a Thermo GPS II PUF sampler with an airflow rate of 0.225 m 3 min −1 . The design of the sampler allows separate quantification of gas and particulate phase pollutants in the atmosphere. Particulate phase samples represent TSP which are particles having aerodynamic diameter of smaller than 50-100 µm. TSP samples were collected on quartz fiber filters (QFFs) which were baked at 650 o C prior to use to eliminate organic impurities. Filters were kept under constant humidity and temperature in a cabinet type desiccator and being weighed before and after the sampling. TSP concentrations were determined by pre and post weighing of the QFFs. A 17.34 cm 2 (a circle having a radius of 4.7 cm) punch is removed from the QFFs and analyzed for carbon (EC, OC, TC).
24 hours fine and coarse PM samples were collected on Teflon filters by Thermo Andersen dichotomous sampler. Dichotomous sampler is a low volume reference air sampler to determine ambient air fine and coarse PM mass concentration [15, 16] . Teflon filters were treated in the same way as QFFs to determine mass concentrations.
Analysis
PM and TSP concentrations were determined by pre and post weighing's of the filters and dividing the mass collected on filters to total volume of the air being sampled. EC and OC concentrations were determined by thermal optical carbon analyzer using IMPROVE_A protocol (Chow et al., 2007) . Carbonaceous material in the sample is volatilized, pyrolyzed, and combusted to gas-phase compounds and they are converted to CO2 as they pass through an oxidizer (manganese dioxide [MnO2] at 912°C) and reduced to methane (CH4) as they pass through a methanator (at ~420°C). Flame ionization detector (FID) was used to measure CH4 concentration. A helium-neon (He-Ne) laser (λ=632.8 nm) is used to monitor optical reflectance and transmittance changes to determine the split points between OCs and ECs.
RESULTS AND DISCUSSION
Mass Concentrations of TSP, PM2.5 and PM2.5-10
Temporal variations of TSP concentrations measured at both sampling locations were shown in Figure  2 . As it was clear from the Figure 2 urban and suburban TSP concentrations exhibit similar trends which may indicate the presence of common TSP sources at the sampling area. In general, TSP concentrations are very close to each other having slightly higher concentrations measured at the urban location for the first half of the sampling period which covers winter months. TSP concentrations start rising slightly at suburban location when dry season (summer periods) starts. Again with the beginning of the cold period urban TSP concentrations starts increasing. On the other hand, it is obvious that there is no such a big difference between two station TSP averages (p > 0.05). TSP represents mostly very coarse fraction of particulate matter and its sources in winter and summer periods may change. For instance it is likely that urban station is under effect of salting for deicing in winter months. During the dry periods dust concentrations may increase and it might be much more effective in rural and suburban areas having higher wind velocities. Suburban station is located in an open area and there is no high rise buildings nearby to reduce wind speed which enhances windblown dust concentrations.
Figure 2. TSP concentrations measured at urban and suburban sampling locations
Concentrations of fine and coarse PMs measured at two locations were shown in Figure 3 . Fine PM concentrations were always higher in the urban location compared to suburban location. Combustion and traffic were known to be major sources of fine PM in urban areas [17, 18] . Coarse particles which are mainly generated by mechanical activities such as windblown dust and sea bubble bursting were found to be effected by natural sources [19] . It was seen that TSP and coarse PM concentration profiles are very similar indicating common sources of origin. Urban fine PM concentrations are approximately two times higher than suburban fine PM concentrations which indicate higher contribution of some anthropogenic sources in the measurement area compared to suburban location. The difference between two sites considering coarse PM concentrations was not that much subtle. 
EC, OC and TC: Estimation of the SOC
A summary of TSP, EC, OC and TC concentrations were given in Table 1 together with some literature data. Considering the average TSP concentrations, it can be concluded that 4.9% of the TSP is EC, and 13.6% is OC in urban sampling point. Similarly EC and OC contributions in suburban sampling points were 2.7% and 9.6%, respectively. OC/EC ratio is almost 1.5 times higher in suburban sampling point indicating relatively lower contributions of combustion activities. Lower OC/EC ratios measured at urban location indicate closeness of this sampling point to emission sources compared to suburban sampling location.
Concentrations of carbon measured in this study are in line with the literature. Considering site similarities and geographical location of Greece, it can be said that concentrations measured in this study are very close to concentrations measured in Greece. OC vs EC plots were shown in Figure 5 for urban and suburban sites. EC has primary source of origin therefore a high correlation coefficient (usually greater than > 0.9 ) in the linear regression of EC vs OC shows that carbon has primary source of origin [8, 22] . Relatively higher correlation coefficient was obtained for the urban station (R² = 0.73). Urban station is much more close to major sources of pollution compared to suburban station. Correlation coefficient (EC vs OC) for the suburban station is relatively low (0.40). Figure 5 . EC vs OC plots for urban and suburban sampling points Percent contributions of SOC were estimated for both locations based on EC tracer method. The most critical step in the estimation of SOC is the correct determination of (OC/EC)primary ratio. One of the most common approaches for determining (OC/EC) primary ratio is based on carbon measurements in the tunnels where all the sources of pollutants are primary source of origin [23, 24] . In the literature, it has been reported that OC/EC ratios change in the range of 0.75 and 0.85 in the tunnels [25] . OC/EC ratio of 0.76 was used in the calculation of secondary organic carbon. This ratio was based on the EC and OC measurements carried out in a tunnel in Bilecik [26] . On the other hand this ratio reflects the primary emissions in the presence of traffic which is the case for non-heating period samples. In the presence of other sources such as combustion in winter period this ratio may change. However, determination of (OC/EC)primary in heating period is not easy. One of the most widely used approach is to screen the data together with some ambient suburban measurements of ozone and nitrogen oxides which may indicate days for formation of secondary organic carbon and filtering those days from the data to obtain (OC/EC)primary ratio. This sort of screening procedure requires concurrent measurements of nitrogen oxides and ozone together with carbon measurements and are not available in this study [27, 14] . In fact, based on the hypothesis of prevalent primary formation conditions, an OC/EC ratio of approximately two [12, 8, 28] have been obtained and above this ratio indicating formation of SOC. Therefore for the heating period days, (OC/EC)primary = 2 was used in the calculations. In the estimation of secondary organic carbon, primary organic carbon which forms during combustion has been estimated by use of (OC/EC)primary ratio (OCprimary = (OC/EC)primary x EC). On the other hand, there are some other non-combustion primary organic carbon emissions which may contribute to carbon emissions [29, 30] . Similar to approaches used for determination of (OC/EC)primary ratios other than tunnel measurements, there exist some methods to estimate the non-combustion organic carbon concentrations. Those methods use long term measurement results for the estimation of (OC/EC)primary ratios and non-combustion primary organic carbon concentrations [31, 32] . Using one of those methods was avoided because the current data set includes results of a one year measurement period. Therefore non-combustion OC was not taken into account for estimation of secondary organic carbon. This may result overestimation of secondary organic carbon levels in the order of 10-15 %.
The SOC percent of TSP was estimated as 7.1 % and 5.6 % for the urban and suburban locations, respectively. One might expect to find relatively higher contribution of SOC for the suburban station based on the previous discussions. However, it should be kept in mind that, EC and OC concentrations were determined in the TSP samples which represents PM size of smaller than 50-100 µm. Teflon filters on which fine and coarse PM was collected are not convenient for determination of carbon measurements. Therefore, carbon measurements were carried out for QFF samples. Carbon which is mainly in the fine mode (< 2.5 µm) contributes less to the TSP in the suburban sampling location. Therefore direct comparison of SOC contributions for two sites might be misleading.
CONCLUSION
Ambient air particulate matter samples were collected from urban and suburban sites of Eskişehir in 2012. Fine and coarse PM concentrations in urban location was found to be higher than suburban location. It was found that 4.9% of the TSP is EC, and 13.6% is OC in urban sampling point. EC and OC contributions in suburban sampling points were 2.7% and 9.6% respectively. EC tracer method was used to estimate the contribution of Secondary Organic Carbon (SOC). The SOC percent of TSP was estimated as 7.1% and 5.6% for the urban and suburban locations, respectively.
